Publications regarding anesthetic management for weight reduction surgery are scarce. We reviewed the records of 234 patients who underwent bariatric restrictive procedures (gastric bypass not included) from May 1999 to September 2000. Variables analyzed included demographics, anesthetic data and perioperative course. Patients were allocated into two groups: laparoscopic (LPG) and open procedures (OPG), comprising 167 and 67 patients respectively. Obstructive sleep apnea was present in 4.8% in LPG vs 6.1% in OPG. Awake fiberoptic intubation was performed in 3.6% in LPG and 1.5% in OPG. The other patients were anesthetized with rapid sequence induction (classic or modified). Grade III laryngoscopy was present in 6% in LPG and 7.1% in OPG. No intraoperative complications were encountered. Postoperative PACU follow-up time was similar. In both groups, i.v. meperidine was most frequently used for postoperative analgesia (in the PACU), as compared to the other analgesics employed (Po0.03). Early postoperative complications (prolonged mechanical ventilation, unplanned ICU admission, sepsis, reoperation) occurred more frequently in OPG, but the difference between the two groups was statistically insignificant (Po0.08). The length of hospitalization was 3.871.4 days in LPG and 6.276.6 in OPG (Po0.01). Mortality was zero. Anesthesia for restrictive bariatric surgery (both open and laparoscopic approaches) was associated with few complications. SUMMARY STATEMENT: We reviewed the records of 234 patients who underwent restrictive bariatric procedures (gastric bypass not included) from May 1999 to September 2000, in regard to perioperative complications. Anesthesia was associated with no intraoperative and few postoperative complications.
Introduction
In spite of the widespread performance of weight reduction (bariatric) surgeries and complexity of management of the morbidly obese patients, there is little published information regarding the anesthetic care of patients undergoing this type of surgery. In a recent review, Ogunnaike et al 1 tried to address the complex aspects of the perioperative care of morbidly obese patients undergoing bariatric surgery. The purpose of our retrospective study was to estimate the impact of anesthesia care and surgical approach on the perioperative morbidity of patients undergoing restrictive bariatric surgery (gastric bypass not included).
Methods
The records of 234 patients who underwent restrictive bariatric surgery from May 1999 to September 2000 (15 months) were retrospectively studied for demographic data, intraoperative anesthetic and surgical care, and postoperative complications. All the 234 cases were performed in the same hospital (The Edith Wolfson Medical Center). Patients were allocated into two groups with respect to the surgical approach (gastric bypass surgery was not included): laparoscopic procedures (LPG) or open procedures (OPG).
The preoperative demographic variables were compared for chronological (1999 or 2000) distribution by type of surgery, age, gender, body mass index (BMI), the presence of obstructive sleep apnea (OSA), ASA class, coexisting diseases (chronic obstructive lung disease (COLD), ischemic heart disease (IHD), congestive heart failure (CHF), hypertension (HTN), diabetes mellitus (DM), kidney, liver, endocrine disorders, etc), chronic medication, smoking history, Mallampati airway classification and baseline mean arterial blood pressure (MAP), heart rate (HR) and oxyhemoglobin saturation (SpO 2 ). OSA was diagnosed when on polysomnography the patient had an apnea index greater than 5 (more than five apneic episodes per hour), or a respiratory disturbance index (RDIFthe combination of apneas and hypopneas), greater than 10 per hour.
With regard to intraoperative data, we compared the length of surgery, type of monitoring (including invasive blood pressure and central venous pressure monitoring), type and dose of induction hypnotic and muscle relaxant agents used for endotracheal intubation, type of muscle relaxant used for surgical relaxation, type and amount of opiates used during surgery, intubation/ventilation difficulty, use of awake fiberoptic intubation as well as MAP, HR, SpO 2 , end tidal CO 2 (EtCO 2 ) and peak inspiratory airway pressure (PIP) data. Bleeding, perforation of an intraabdominal organ and the need to convert from LPG to OPG were considered intraoperative surgical complications. Pulmonary aspiration of gastric contents, pneumothorax, MAP o60 mmHg or 4130, HR o40, or 4120 bpm, PIP 450 cmH 2 O, SpO 2 o90%, EtCO 2 460 mmHg, failed intubation and the presence of significant arrhythmias (PVCs45/ min, supraventricular or ventricular tachyarrhythmias, heart blocks) were considered intraoperative anesthetic complications.
The two groups were also compared for length of postoperative mechanical ventilation (postoperative mechanical ventilation was considered prolonged if it lasted more than 1 h), need for blood gas analysis, type and dose of analgesic administered in the PACU, need of continuous positive airway pressure (CPAP) for relief of airway obstruction or for management of hypoxemia, hemodynamic and respiratory data (MAP, HR, respiratory rate (RR) and SpO 2 ), length of PACU stay and total hospitalization time. Bleeding, reoperation and sepsis were considered postoperative surgical complications, while MAPo60, HR4120 bpm, SpO 2 o90%, pulmonary aspiration of gastric contents, pneumothorax, airway obstruction, pulmonary edema, significant arrhythmias, myocardial ischemia or infarction, need for reintubation of the trachea, need for prolonged mechanical ventilation and unplanned admission to the ICU were considered postoperative anesthetic complications. 
Statistical analysis

Results
There were 167 patients included in LPG and 67 patients in OPG.
Preoperative data By the second study year (2000), more patients underwent LPG (82% in LPG vs 30% in OPG) as compared to 1999, where OPG were dominant (44% in LPG vs 56% in OPG). The most frequently performed laparoscopic restrictive surgery was adjustable gastric banding (137-82%) whereas for the OPG it was the Silastic Ring Vertical Gastroplasty (SRVG) (28-41.6%). An attending surgeon decided which type of surgery is appropriate for each patient. Preoperative preparation for surgery included an interview with a dietitian (to detect the cause of obesity and to determine if the patient is a sweet eater) and a psychologist.
The comparisons of preoperative, intraoperative and postoperative variables between the two groups are presented in Tables 1-3 .
Eight patients in LPG and four in OPG were referred by the surgeon to the preanesthetic clinic for coexisting OSA. In these 12 patients, the diagnosis of OSA was made by preoperative sleep study (polysomnography).
Preoperative blood gas analysis was performed only with evidence or suspicion (from history and physical examination) of COLD (seven patients in LPG and five in OPG). Subsequently, lung function tests were performed in these patients. No patient suffered from CO 2 retention. No surgery was cancelled because of unacceptable results of blood gases or lung function tests.
Patients were admitted to the surgical ward, 24 h prior to surgery. An anesthesiologist assessed all the patients on the preoperative day. Biochemistry, CBC, chest X-ray and a 12-lead ECG were performed in all cases. There were no cancellations because of pathological findings in these tests. 
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Chronic medication included antihypertensives, drugs for treatment of angina pectoris, oral hypoglycemics, drugs for management of hyperlipidemia, aspirin (aspirin was not stopped before surgery), bronchodilators, diuretics, etc. No patient was on antiobesity medication. Airway assessment consisted of Mallampati class, thyromental distance, neck movement, mouth opening and condition of the upper teeth (loose, missing, overbite). There were no significant differences in the preoperative demographics, airway assessment data and baseline values of SpO 2 (Table 1) . Two patients in each group had a baseline SpO 2 o90% (89 and 87% in LPG, and 88 and 87% in OPG), on room air.
In total, 60% of LPG and 70% of OPG received 150 mg p.o. ranitidine, 60-90 min prior to surgery. All the patients were premedicated with 0.25 mg SL brotizolam, 30 min before anesthesia. Nonparticulate antacids were not administered. All the patients received i.v. cefonicid 30 min prior to surgery.
Intraoperative data
Standard ASA monitoring was used throughout surgery. An upper limb vein was cannulated. Invasive blood pressure and central venous monitoring was employed in ASA III patients only (see Table 2 ). Pulmonary artery catheters were not used in these patients. Urinary catheterization was performed in 11% of patients in LPG and 80% in OPG.
Following preoxygenation, anesthesia was induced in a rapid sequence manner (RSI) with either thiopental 3-5 mg/ kg or propofol 2-3 mg/kg and succinylcholine 1.5 mg/kg. In patients suffering from IHD, anesthesia was induced with modified RSI. This consisted of fentanyl 2 mg/kg, a hypnotic agent (thiopental or propofol) and rocuronium (1 mg/kg) or atracurium (0.8 mg/kg) for endotracheal intubation. Anesthesia was maintained with nitrous oxide in oxygen (50%), sevoflurane, rocuronium or atracurium and aliquots of 50 mg of fentanyl when deemed necessary. With a history or strong suspicion of difficult airway, awake fiberoptic intubation was performed ( Table 2) .
The correct place of the tracheal tube was confirmed with capnography and lung auscultation. We routinely used the Rapiscope to rule-out accidental bronchial intubation. There was no grade IV laryngoscopy or failed intubation. Five patients in LPG and three in OPG required two attempts for successful intubation. Throughout surgery, patients were mechanically ventilated with a volume preset mode (tidal volume 10 ml/kg, RR-14 bpm, I:E ratio 1:2). Intraoperatively, Anesthesia for bariatric surgery T Ezri et al lactated Ringer's solution was administered at a rate of 10 ml kg/h, except for the patients suffering from documented left ventricular dysfunction, who received 4 ml kg/h. At the end of the procedure, residual muscle relaxation was reversed and the trachea was extubated. Anesthetic, hemodynamic and respiratory data were similar between the groups, as was the intraoperative complication rate (Table 2) . No significant blood loss was recorded during surgery. There were three conversions from laparoscopic to OPG because of technical difficulties (poor view in three super-obese patients). No intraoperative anesthetic complications occurred.
Postoperative data
Patients were managed in the PACU, until considered ready for discharge to floor (Aldrette score Z9). In the PACU, patients were managed in a semirecumbent position and were monitored similarly with the intraoperative period.
Postoperative data are presented in Table 3 . Respiratory and hemodynamic data were recorded every 5 min in the first 30 min and every 15 min afterwards. Patients, who had delayed recovery, partial curarization, respiratory depression due to opiates and those with difficult intubation, were left intubated at the end of the procedure and were mechanically ventilated in the PACU. More patients remained ventilated after surgery in LPG as compared to OPG, although the length of ventilation was similar between the groups (Table 3) . Most of the patients required mechanical ventilation because of inadequate reversal of the muscle relaxants. Analgesic medication was administered to patients with a visual analogue pain score Z4 (Table 3) . Intravenous meperidine alone, morphine alone or diclofenac alone was given. Some patients received a combination of meperidine and diclofenac. In total, 10 patients in LPG and six in OPG did not require any analgesic. Meperidine IV was the most frequently used analgesic (Po0.03) ( Table 3) .
A chest X-ray was ordered in all intubated patients and a 12-lead ECG in all patients with a history of IHD. There were no new pathological findings in these two tests. Postoperative hemodynamic (MAP, HR) and pulmonary (SpO 2 , EtCO 2 , RR) data were similar between the groups (Table 3) . Patients with a room air SpO 2 o90% (seven in the LPG and six in OPG) but having no respiratory distress and no CO 2 retention were discharged to the floor with supplemental oxygen by nasal prongs.
Morbidity defined as postoperative complications included sepsis, unplanned admission to the ICU and need for mechanical ventilation for longer than 1 h. There were two reoperations for gastric perforation (one in each group). Both patients had an uneventful course.
Although there was a trend for more postoperative complications in OPG (Table 3) , the difference between the two groups was statistically insignificant (P ¼ 0.08).
Two patients in LPG and one in OPG suffered from transient partial airway obstruction, which was relieved by jaw thrust, chin lift, sitting-up the patient and CPAP (5 cmH 2 O) by mask. One patient with OSA (OPG) required an unplanned ICU admission for 48 h due to difficult weaning from mechanical ventilation. No clinically detectable pulmonary aspiration of gastric content occurred. There was no need for postoperative reintubation in any patient. Sepsis developed only in the open procedure group (Po0.02). Reasons for sepsis included three wound infections, one gastric perforation and one urosepsis. After discharge from the hospital, patients were followed-up once weekly for the first month and then, every 3 months for the first year after surgery.
There was no mortality in this study population.
Discussion
In the present study, we reviewed the records of 234 patients who underwent bariatric procedures (gastric bypass not included) from May 1999 to September 2000 (15 months).
Morbid obesity caries an increased anesthetic risk, due to the coexisting cardiopulmonary pathologies. Patients suffering from pulmonary HTN, OSA and CO 2 retainers are especially at risk. 1 In our hospital, polysomnography is not routinely performed for diagnosis of OSA before obesity surgery. According to the data available from the patients' records, the anesthesiologists did not diagnose further cases of OSA based on history taking (ie report of snoring as witnessed by a family member, presence of cardiovascular disease in a young patient, etc). It is likely that the majority of OSA cases 'slipped' through the surgery, undiagnosed.
Surgery and anesthesia in morbidly obese patients, inherently contribute to the imbalance of an already fragile homeostatic state.
The relatively young age and the small number of the super-obese (BMI455 kg/m 2 ) patients (5% in each group) may explain the relatively low incidence of severe systemic diseases that would have been complicated the anesthetic and surgical course of our patients.
Invasive intraoperative monitoring of these patients is only recommended if the noninvasive blood pressure cuff's readings are unreliable and with severe coexisting diseases. 1 This is why only three of our patients were monitored invasively. However, we believe that invasive monitoring is essential in reoperations as well, due to the propensity for lengthy surgery and risk of surgical bleeding. None of the 234 cases was repeat surgery.
In accordance with the published data, 2-6 we used short acting induction and maintenance anesthetic agents (ie propofol, sevoflurane). This way, patients are fully awake and ready for extubation at the end of the procedure. Muscle relaxants of choice are those (ie atracurium, cisatracurium) eliminated independently of organ clearance. 5 Intraoperative problems during bariatric surgery include but are not limited to airway management challenges (ie 9, 10 contribute to the airway management difficulty in these patients. This controversy may be explained by different patterns of body fat distribution. Patients with fat, thick necks, have a higher incidence of difficult intubations 11 than those with normal necks. OSA has been clearly associated with difficult intubation. 9, 12, 13 This is also the case in the present study, where all the patients with OSA had difficult (grade III) laryngoscopy views. Laparoscopy in obese patients is associated with an increased incidence of accidental bronchial intubation. 14 This risk is increased by head-down position and inflation of the abdomen with CO 2 . [15] [16] [17] We routinely used the Rapiscope to rule-out accidental bronchial intubation.
14 Abdominal inflation with CO 2 and head-down position may lead to impaired respiratory mechanics 18, 19 and may cause hypoxemia, CO 2 retention and increased peak inspiratory pressures during mechanical ventilation. However, according to Sprung et al, 20 body position did not affect respiratory mechanics during laparoscopy in morbidly obese patients. In their report 20 arterial oxygen tension was adversely affected by increased body weight only. Respiratory mechanics were affected by both obesity and pneumoperitoneum but varied little with body position. 20 In our study groups, no patient suffered from severe hypoxemia, excessive hypercarbia and barotrauma. We routinely use periodic manual inflation of the lungs ('sigh') to a peak inspiratory pressure of 40 cmH 2 O every 5-10 min, while holding this pressure for 5 s. This maneuver seems to improve at least temporarily the oxygenation. It is important to remark that our patients were hemodynamically stable. In spite of the reported untoward hemodynamic effects attributed to laparoscopy, 18 obese patients tolerate the pneumoperitoneum surprisingly well, without experiencing a fall in cardiac output. 21 Intraoperative analgesia was provided with aliquots of fentanyl. The fentanyl dose was possibly high in some short cases (especially short laparoscopies), resulting in postoperative ventilatory depression and delayed extubation in the PACU (eight vs two cases in laparoscopic vs OPG). The use of NSAID as sole intraoperative analgesic and avoiding opiates may help prevent postoperative respiratory depression and may enable early extubation of these patients. 22 However, it is difficult to predict the analgesic requirement of a specific patient during laparoscopic surgery. Intraoperative analgesia should be tailored while considering the patient's sex, hemodynamic response to noxious stimuli, length of surgery, magnitude of surgical stress, difficulties with the surgical technique, individual response to noxious stimuli and to a specific analgesic agent, etc.
Apparently, we might blame the anesthetic technique for LPG as a possible cause for the increased need for postoperative mechanical ventilation.
However, considering that the study was retrospective and uncontrolled, that postoperative mechanical ventilation was required for short periods only (less than 1 h) in all these cases, and in view of the multiple factors that may have an influence on the analgesic requirements and respiratory sensitivity to analgesics, we believe that the prolonged effect of the intraoperatively administered opiates should not be considered as postoperative anesthetic complication and should not be a clinically significant drawback for laparoscopic bariartric surgery when compared to the open procedure. More importantly, efforts should be made to continuously improve the anesthetic techniques and adapt them to the specifics of the LPG, by using ultra-short acting anesthetic and analgesic agents (ie remifentanil) administered as easily controllable, continuous infusions.
The main reason for the delayed extubation and postoperative mechanical ventilation was a residual curarization (20 vs five patients in laparoscopic vs OPG). This occurred because we routinely keep the patients fully relaxed throughout surgery for successful and safe performance of the LPG. 1 Again, we do not interpret this finding as a drawback of anesthesia for laparoscopy as all the patients were extubated soon after having been transferred to PACU. Postoperative analgesia following bariatric surgery may be provided with an opiate by patient-controlled analgesia (PCA). 22 In our experience, a combination of low dose of i.v.
opiate (ie 20-30 mg meperidine) with 75 mg IM diclofenac, keeps the patient awake and alert, yet pain free. Our surgeons do not use local anesthetic infiltration. We believe that CO 2 retainers should not receive opiates at all. We also prefer not to give opiates (even not as PCA) to any morbidly obese patient, once transferred to the floor. In our patients, postoperative pain management on the floor was carried out with alternate IM administration of diclofenac (75 mg t.i.d.) and dipyrone (1 g t.i.d.). Although morbidly obese patients are at increased risk of postoperative deep vein thrombosis and pulmonary embolism, 23 no patient in our study suffered postoperatively from any thrombo-embolic complication. This may be explained by the very early mobilization (4-6 h after surgery) of the patients. Postoperative atelectasis may be avoided by early mobilization and the use of CPAP/BiPAP. Few of our patients required CPAP, presumably due to the low incidence of super-obesity and very early mobilization.
While ICU admission is recommended in patients with OSA, 1 only one such patient from our study group was admitted to the ICU due to difficult weaning from ventilator. We believe that routine admission of these patients to ICU should not be encouraged due to the risk of cross-infections. The benefits of admission to the ICU should always be weighed against the potential risks.
Anesthesia for bariatric surgery T Ezri et al
Not surprisingly, postoperative complications were more frequent (but not significantly) in the open procedure group. Sepsis was mainly related to wound infection following open surgeries. Reoperation was also more frequent in this group. We have no explanation for the later finding.
From the collected data, we could not find a correlation between the magnitude of BMI and OSA, nor were the OSA and very high BMI, independent risk predictors for respiratory or other complications.
As complications were more frequent and wound healing was slower, time to discharge was significantly longer with OPG.
The worldwide trend for the continuing increase in the number of LPG vs OPG is reconfirmed in our study. In year 2000, more LPG were performed as compared to open bariatric surgeries. Also, more laparoscopies were performed in year 2000, as compared to 1999. Laparoscopic surgery is generally associated with better outcomes, less analgesic requirements, better respiratory function, faster postoperative recovery and better cosmetic results and cost-effectiveness. 24 In a study of laparoscopic implantation of adjustable gastric banding system (the Italian experience with 1863 procedures performed in 6 years), the mortality rate was 0.53%, 25 mainly due to cardiovascular complications (myocardial infarction and pulmonary embolism). The mortality rate in our group was zero. Our low rate of complications may be at least partly attributable to the short procedures, the low incidence of super-obesity and the fact that these were banding procedures. We conclude that anesthesia for restrictive bariatric surgery (gastric bypass not included) can be performed safely, with few perioperative complications.
